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® Apparatus for measuring cardiac output 



® An apparatus for measuring cardiac output In- 
cludes a reference temperature sensing element (8); 
a temperature measurement circuit (15) for obtaining 
a reference temperature signal from a temperature 
detected by the reference temperature sensing ele- 
ment; a first temporary storage memory (41) for 
storing the detected reference temperature: a ther- 
^mometry temperature sensing element (10): a sec- 
^ond memory for obtaining a thermometry tempera- 
Wture signal with the temperature measurement circuit 
*^from a thermometry temperature detected by the 
00 thermometry temperature sensing element and for 
Jjj storing the obtained thermometry temperature sig- 
nal; a correction value calculation circuit (42) for 
O maintaining a conrection value obtained on the basis 
A of the reference temperature signal stored in the first 
LU memory and the thermometry temperature signal 
stored in the second memory; and a temperature 
calculation circuit for calculating a corrected tem- 



perature value based on a thermometry temperature 
signal newly produced during measurement and the 
maintained correction value. 
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APPARATUS FOR MEASURING CARDIACJ OUTPUT 



BACKGROUND OF THE INVENTION 



Reld of the Invention 

This invention relates generally to information 
measuring apparatus and, more particularly, to an 
apparatus for measuring cardiac output during and 
after an operation for a cardiac function test, heart 
surgery or the like. 



Description of the Related Art 

The applicant of the present invention has dis- 
closed an apparatus for measuring cardiac output 
in Japanese Patent Laid-Open No.61 -125329. This 
apparatus has a pair of temperature sensing ele- 
ments provided in a catheter type sensor probe 
and operates as described below. The first tem- 
perature sensing element is used to detect the 
temperature of blood to obtain the cardiac output 
based on a thenmodilution method, while the sec- 
ond temperature sensing element is heated up and 
the temperature thereof is measured to obtain the 
blood stream velocity. The sectional area of the 
blood vessel is obtained from the cardiac output 
based on the thermodilutron method and the blood 
velocity, and the blood velocity is thereafter con- 
tinuously obtained based on the this method with 
the term of the blood vessel sectional area used as 
a correction value. 

To manufacture temperature sensing elements 
used in this apparatus, it is necessary to examine 
the characteristics of thermistors, i.e.. the tempera- 
ture sensing elements. All the temperature sensing 
elements are therefore placed in a constant tem- 
perature bath exposed to an atmosphere of a con- 
stant temperature, and the relationship between 
temperatures and output characteristic values of 
each temperature sensing element output under 
this condition is obtained in comparison with a 
reference thermometer. 

On the basis of each of the relationships there- 
by determined, good articles and inferior articles of 
the temperature sensing elements are separated 
from each other, and a probe circuit or the like to 
be connected to each temperature sensing element 
is formed to effect compensation for the char- 
acteristic values of the temperature, thereby en- 
abling each temperature sensing element to be 
used for temperature measurement 

Temperature sensing elements for use in mea- 
suring apparatus based on the conventional tii r- 



modilution method and the conventional thermal 
type flow measurement method are manufactured 
in this manner. An additional manufacture step is 
therefore required along with troublesome msinage- 
5 ment of records of measured characteristic values 
of respective temperature sensing elements. The 
problem of reduction in the yield is also encoun- 
tered. 

Moreover, the probe circuit provided as a 
JO means for compensating for the characteristic val- 
ues of the temperature sensing element also entail 
the problem of variations in its characteristic values 
and the problem of tiie characteristic values being 
changed after it has been connected to the tem- 
75 perature sensing element, resulting in occurrence 
of measurement errors. 

In a case where the temperature is measured 
by the thermal type flow measurement method 
apart from the measurement based on the ther- 
20 modilution method, the characteristics of the tem- 
perature sensing element may be influenced by 
heat during heating of the periphery of the tem- 
perature sensing element, resulting in a deteriora- 
tion in the measurement accuracy. 

25 

SUMMARY OF THE INVENTION 



30 The present invention has been achieved in 

consideration of the above-described problems, 
and an object of the present invention is to provide 
an apparatus for measuring cardiac output de- 
signed to eliminate the unnecessary step of exam- 

35 ining temperature sensing elements used in the 
apparatus in the process of manufacturing the tem- 
perature sensing elements. 

Anotiier object of the present invention is to 
eliminate the need for a probe circuit or the like 

40 which is a means for compensating for the char- 
acteristic values of a temperature sensing element 
and to thereby avoid measurement errors. 

Still another object of the present invention is 
to prevent a temperature sensing element from 

45 being influenced by heat during heating of the 
periphery of temperature sensing element based 
on the thermal type flow measurement method 
used along with the thermodilution method. 

To achieve these objects, according to the 

50 present invention, there is provided an apparatus 
for measuring temperatures relating to an organism 
by using a prot>e having at least two temperature 
sensing elements, the apparatus comprising: a ref- 
erence temperature sensing element a tempera- 
ture measurement circuit means for obtaining a 
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reference temperature signal from a temperature 
detected by the reference temperature sensing ele- 
ment; a first temporary storage memory m ans for 
storing the detected r f r nee temperature; a tem- 
perature m asur m nt (th rmometry) t mperatur 
sensing element; a second memory means for 
obtaining a temperature measurement temperature 
signal from the temperature measurement circuit 
means from a temperature measurement tempera- 
ture detected by the thermometry temperature 
sensing element and for storing the obtained ther- 
mometry temperature signal; a correction value cal- 
culation means for obtaining a coaection value 
based on the reference temperature signal stored 
in the first memory means and the thermometry 
temperature signal stored in the second memory 
means and for maintaining the obtained con-ection 
value; and a temperature calculation means for 
calculating a connected temperature value based on 
a thermometry temperature signal newly produced 
during measurement and the maintained correction 
value. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1A. IB are block diagrams of an appara- 
tus for measuring cardiac output which represents 
an embodiment of the present invention; and 

Fig. 2 is a flow chart of a program for tem- 
perature correction processing using cardiac output 
measuring system. 

DESCRIPTION OF PREFERRED EMBODIMENT 

An embodiment of the present invention will be 
described below with reference to the accompany- 
ing drawings. 

Referring to f=ig. 1A and IB, first and second 
catheters 2 and 7 for measuring the cardiac output 
are connected to a main body 100 of the organism 
information measuring apparatus through connect- 
ers described later. 

The first catheter 2 is used as a catheter for 
injecting an injectate based on a thermodilution 
method and for detecting the temperature of the 
injectate. The first catheter 2 incorporates an unil- 
lustrated injectate temperature measurement probe 
circuit formed of a temperature sensing element 3 
constituted by a thenmistor or the like for detecting 
the temperature of the injectate. and a compensa- 
tion resistor 4 for compensating for a dispersion in 
the characteristics of the temperature sensing ele- 
ment 3. 

This Injectate temperature measurement prot)e 
circuit is electrically connected to a measurem nt 



section 100A provided in the main body 100 
through a connecter 5 of the first catheter 2 and a 
connecter 6 provided on the main body 100, and is 
placed in the atrium dextrum of a heart at the time 
G of cardiac output measur ment. 

The second catheter 7 is used for detecting the 
temperature of blood and for detecting the blood 
velocity, and incorporates a blood temperature 
measurement probe circuit formed of a thermistor 
70 8 for detecting the temperature of thermo-diluted 
blood in the atrium right and in the ventriculus right 
and a compensation resistor 9 for compensating for 
the characteristics of the thermistor 8. The second 
catheter 7 also incorporates an unillustrated blood 
75 velocity temperature measurement probe circuit 
separately constituted by a thermistor 10 
(preferably, a self-heating thermistor) for detecting 
the blood velocity based on a blood velocity mea- 
suring method. 
20 The blood temperature measurement probe cir- 

cuit and the blood velocity temperature measure- 
ment probe circuit are electrically connected to the 
measurement section 100A provided in the main 
body 100 through a connecter 11 of the second 
25 catheter 7 and a connecter 12 provided on the 
main body 100, and Is placed in the pulmonary 
artery at the time of cardiac output measurement 

The first and second catheters 2 and 7 may be 
manufactured so as to be integral with each other 
30 in appearance, or the arrangement may be such 
that only a injectate injector part originally provided 
in the first catheter 2 is provided integrally with the 
second catheter 7 while the injectate temperature 
measurement probe circuit of the first catheter 2 is 
35 separately provided and is inserted in an injectate 
injection tank. 

The main body 100 generally consists of the 
following components: the measurement section 
100A connected to the first and second catheters 2 
40 and 7 and serving to effect various temperature 
measurements; a local CPU section 100B serving 
to effect correction for the temperature sensing 
elements; a main CPU section 100D connected to 
the local CPU section 100B via an opto-isolation 
45 communication circuit 29; a cardiac output input 
means 14; and a display 35. 

All the components are electrically separated 
except for the connection t)etween the measure- 
ment section 100 A and the local CPU section 
so 100B. Specifically, the main CPU section 100D and 
the local CPU section 100B are connected through 
the opto-isolation communication circuit 29, and 
these sections are supplied with power through a 
DC/DC converter circuit 32 and are electrically sep- 
55 arated from a power supply section 100C, thereby 
avoiding influence of noise or the like upon various 
categories of temperature measurement data, as 
mentioned later. 
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In the measurement section 100A. an injectate 
temperature measurement circuit 25 detects the 
temperature of the injectate injected into the atrium 
right through an unillustrated injection opening of 
th first catheter 2. and outputs a corresponding 
voltage signal. 

An equilibrium temperature measurement cir- 
cuit 16 Is connected to a constant-current power 
supply circuit 17 through a switching device 13. 
and functions to detect the temperature of equilib- 
rium between the quantity of heat applied by the 
self-heating thermistor with a constant current and 
the quantity of heat removed by the effect of the 
velocity of surrounding blood, and to output a cor- 
responding voltage signal. 

A blood temperature measurement circuit 15 is 
connected to the blood temperature measurement 
probe circuit, and functions to transmit a reference 
temperature signal corresponding to the blood tem- 
perature to a comparison calculation circuit means 
provided in the local CPU section 100B. The char- 
acteristic values of the thermistor 8. i.e.. the tem- 
perature sensing element connected to the blood 
temperature measurement probe circuit are pre- 
viously examined by employing a reference ther- 
mometer and a constant temperature bath. Before 
the thermistor 10 that is the temperature sensing 
element of the blood velocity temperature mea- 
surement probe circuit is supplied with a current to 
be heated up, the blood stream velocity tempera- 
ture measurement probe circuit detects a signal 
corresponding to the temperature of blood while 
the switching device 13 is maintained in the off 
state by an internaL command of the local CPU 
section 1008. 

For ordinary measurement, the switching de- 
vice 13 is turned on by a command from the local 
CPU section 1008 to introduce a current from the 
constant voltage power supply circuit 17. 

When the thermistor 10. i.e., the temperature 
sensing element of the blood velocity temperature 
measurement probe circuit Is energized for heating, 
the voltage signal thereby obtained is transmitted 
as an examined temperature signal to a compari- 
son calculation circuit means 40 provided In the 
local CPU section 1008. 

The reference temperature signal immediately 
based on the blood temperatures obtained through 
the blood temperature measurement circuit 15 and 
the equilibrium temperature measurement circuit 
16, an examination signal and the examined tem- 
perature signal from the blood velocity temperature 
measurement probe circuit are transmitted to the 
blood temperature comparison calculating means 
40 via an analog switch 26 and an A/D converter 
27, 

Th blood temperature comparison calculating 
means 40 calculates differential temperatures 



ba^ed on th comparison between the reference 
temperature signal and the examined temperature 
signals, produces signals representing these dif- 
fer ntial signal as a calibration temperature signal 
s for calibration of the blood velocity temperature 
measurement probe circuit and another calibration 
temperature signal for calibration of the blood tem- 
perature measurement probe circuit, and transmits 
these signals to a blood temperature memory 

10 means 41 . 

The blood temperature memory means 41 
stores a value for calibration of the blood velocity 
temperature measurement probe circuit and a val- 
ue for calibration of the blood temperature mea- 

7S surement probe circuit. After a calibration tempera- 
ture value for the blood temperature measurement 
probe circuit has been stored by the blood tem- 
perature memory means 41, a heating cunrent is 
made to flow through the temperature sensing ele- 

20 ment of the blood temperature measurement probe 
circuit- In this state, the voltage signal output from 
the blood temperature measurement circuit 1 5 and 
the calibration temperature value for the blood tem- 
perature measurement probe circuit stored in the 

25 blood temperature memory means 41 are transmit- 
ted to a correction temperature calculating means 
42 as a bias for the same to correct the tempera- 
ture signal output from the blood temperature mea- 
surement circuit 15, thereby ensuring the accuracy 

30 of the temperature measurement even when the 
heating current flows through the temperature 
sensing element of the blood velocity temperature 
measurement probe circuit. 

The same means as that connected to the 

35 blood temperature measurement circuit 15 are pro- 
vided for the equilibrium temperature measurement 
circuit 1 6 to correct the voltage signal output from 
tiie equilibrium temperature measurement circuit 
16. 

40 The voltage signal output from the equilibrium 
temperature measurement circuit 16 for the signal 
representing the temperature detected by the tem- 
perature sensing element of the blood velocity tem- 
perature measurement probe circuit whose char- 

45 acteristic values are unexamined and the calibra- 
tion temperature value for the blood velocity probe 
circuit stored by the blood temperature memory 
means 41 are ti-ansmitted to the correction tem- 
perature calculating means 42 as a bias for tiie 

60 same to correct the temperature signal, thereby 
ensuring the accuracy of the temperature measure- 
ment using the temperature sensing element 
whose characteristic values are unexamined. 

The local CPU section 100B supplies the mea- 

55 surement circuits with various control signals trans- 
mitted based on instructions of the main CPU sec- 
tion 100D. The local CPU s ction 1008 controls th 
measurement operations of the injectat tempera- 
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ture measurement circuit 25. th blood temperature 
measurem nt circuit 15 and the equilibrium tem^ 
peratur measurement circuit 16 and turns on or 
off the switching devic 13 connected to the 
constant-current pow r supply circuit 17. For these 
operations, the analog switch 26 selects, by selec- 
tion signals, various signals which are to be sup- 
plied to the local CPU 100B. 

The local CPU section 100B has a serial com- 
munication function (not shown), and receives var- 
ious command signals transmitted from the main 
CPU section 100D through this serial communica- 
tion function. Also, the local CPU section lOOB 
converts digital data received from the measure- 
ment circuits into serial transmission data and 
transmits the converted data to the main CPU 
section 100D through the opto-isolation commu- 
nication means 29. 

The opto-isolation communication means 29 
has a light transmission/reception circuit which is 
provided on the side of the local CPU section 100B 
and which consists of a photodlode circuit and a 
phototransistor circuit (not shown), and another 
light transmission/reception circuit which is pro- 
vided on the side of the main CPU section lOOD 
and which also consists of a photodiode circuit and 
a phototransistor circuit (not shown). These two 
light transmission/reception circuits being electri- 
cally insulated from each other with optical fiber 
glass or the like interposed therebetween as a 
signal transmission medium, thereby shutting off 
electrical noise or the like. 

That is, voltage signals of the local CPU sec- 
tion 100B and voltage signals of the main CPU 
section 100D are prevented from being electrically 
connected, and there is therefore no possibility of 
formation of a closed loop between the human 
body and the main CPU section 100D, thereby 
make it possible to effect measurement with safety 
and stability. 

In the main CPU section 100D, a themnodilu- 
tion cardiac output calculating means 21 is sup- 
plied with the temperature of thermo-diluted blood, 
calculates the thermodilution cardiac output, and 
outputs the result of this calculation to a continuous 
cardiac output calculating means 20. 

If the condition of the patient is so critical that it 
is not possible to inject the injectate by the ther- 
modilution method, a suitable cardiac output value 
is input into the continuous cardiac output calculat- 
ing means 20 through a cardiac output input means 
14 as a cardiac output value based on the ther- 
modilution method. 

A blood velocity calculating means 19 is con- 
tinuously supplied with a corrected thermal equilib- 
rium temperature, calculates the blood velocity and 
outputs the result. 

Th continuous cardiac output calculating 



means 20 calculates a blood vessel sectional area 
parameter of the pulmonary artery based on the 
blood velocity obtain d by the blood velocity cal- 
culating means 19 and the thermodilution cardiac 
6 output obtained in a thermodilution mode in which 
the cardiac output is finally output and displayed 
Intermittently by the thermodilution method, and 
stores the calculated parameter in a register. The 
continuous cardiac output calculating means 20 
10 then calculates a continuous cardiac output value 
based on the blood velocity obtained by the blood 
calculating means 19 and the blood vessel sec- 
tional area parameter stored in the register, and 
outputs the result of this calculation to the display 
IS 35 which is connected to the main CPU section 
100D and though which the cardiac output is finally 
output and displayed. 

The power supply section 100C for supplying 
the components with power reduces the voltage of 
20 an external AC power supply by means of a trans- 
former 30 connected to the same, and supplies the 
power supply circuit 31 with power of this reduced 
voltage. The power supply circuit 31 smooths and 
stabilizes a predetermined AC output from the 
25 transformer 30 to convert the same into a DC 
voltage and supplies part of the DC power to the 
DC/DC converter circuit 32. The measurement sec- 
tion 100A and the local CPU section 100B are 
supplied with DC power from the DC/DC converter 
30 circuit 32. and communication of noise between 
these sections and the main CPU section 100D is 
therefore shut off. 

Fig. 2 shows a flow chart of an example of a 
temperature correction processing program for the 
35 cardiac output measuring apparatus. The operation 
of the apparatus will be described below based on 
this flow chart. The operation of the temperature 
confection program is started to confirm whether or 
not a temperature correction flag is set (step SI), 
40 and the switching device 13 Is turned off if the flag 
is set. thereby shutting of the heating current flow- 
ing through the thermistor 8 for measuring the 
blood velocity (step S2). 

Then a reference temperature Poo is measured 
45 by the thermistor 8 and a signal representing this 
temperature is transmitted as the reference tem- 
perature signal to the blood temperature compari- 
son calculation circuit 40 (step S3). 

The blood temperature is detected by the ther- 
50 mistor 10 whose characteristic values are unex- 
amined, and the output signal is transmitted as an 
examined temperature signal Coi of the blood ve- 
locity temperature measurement probe to the blood 
temperature comparison calculation circuit 40 (step 
55 S4). 

Then the switching device 13 is turned on to 
supply the heating current to the thermistor 10 for 
measuring th blood velocity (step S5). 
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Thereafter, a signal Poi representing the biood 
temperature detected by the thermistor 8 is ob- 
tained and is transmitted to the blood temperature 
comparison calculation circuit 40 (step S6). 

Next, calculation Pcai = Poi - Poo of the cali- 
bration temperature is effected (step ST), and the 
result of this calculation is stored as the calibration 
temperature of the blood temperature probe signal 
in the biood temperature memory means 41 (step 
S8). 

Then calculation Ccai = Coi - Coo of the cali- 
bration temperature for the blood velocity ther- 
mistor is effected (step S9). and the result of this 
calculation is stored in the blood temperature 
memory means 41 (step SIO). 

After the steps Si to SIO. the temperature 
correction flag is reset (step 811), and the process 
returns to step 81. 

If it is determined in step SI that the flag is not 
set, the process proceeds to step Si 2. the switch- 
ing device 13 is turned on, and the blood tempera- 
ture is measured to obtain a value Pio- 

In step 813, the difference between this value 
and Peal already obtained is calculated as P = Pio 
- Peal- P then becomes the corrected blood tem- 
perature. 

Thereafter, in step S14, an equilibrium tem- 
perature Cio is measured and. in step SI 5, cal- 
culation C = Cio - Ccai is effected by using Ccai 
already obtained. C then becomes the corrected 
blood velocity temperature. The temperature cor- 
rection processing program is thus completed. 

As described above, it is not necessary to 
examined and select the temperature sensing ele- 
ment in a strict manner as in the case of the 
conventional arrangement. 

The present invention can be applied to any 
other type of medical appliance in which tempera- 
ture sensing elements are used. 

As described above in detail, for the organism 
Information measuring apparatus in accordance 
with the present invention, there is no need for the 
additional manufacture step of examining the tem- 
perature sensing element. 

There is no need for a probe circuit or the like 
which is a means for compensating for the char- 
acteristic values of the temperature sensing ele- 
ment, thereby enabling prevention of measurement 
rrors. 

Moreover, it is possible to prevent the tempera- 
ture sensing element from being influenced by heat 
during heating of the periphery of temperature 
s nsing element based on the thermal type flow 
measurement method used along with the ther- 
modilution method. 

The present invention is not limited to the 
arrangement of the on mbodiment and various 
changes and modifications may be made within th 



spirit and scope of the Invention. 



Claims 

5 

1. An apparatus for measuring cardiac output 
relating to an organism by using probes having at 
least two temperature sensing elements, said ap- 
paratus comprising: 

70 a reference temperature sensing element; 

temperature measurement circuit means for obtain- 
ing a reference temperature signal from a tempera- 
ture detected by said reference temperature sens- 
ing element; 

75 first temporary storage memory means for storing 
the detected reference temperature; 
a thermometry temperature sensing element; 
second memory means for obtaining a thermome- 
try temperature signal with said temperature mea- 

20 surement circuit means from a thermometry tem- 
perature detected by said thermometry tempera- 
ture sensing element and for storing the obtained 
thennometry temperature signal; 
correction value calculation means for obtaining a 

25 correction value based on the reference tempera- 
ture signal stored in said first memory means and 
the thermometry temperature signal stored in said 
second memory means and for maintaining the 
obtained correction value; and 

30 temperature calculation means for calculating a 
corrected temperature value based on a thermome- 
try temperature signal newly produced during mea- 
surement and the maintained correction value. 

2. An apparatus for measuring cardiac output 
35 according to claim 1, further comprising cardiac 

output measurement means, wherein the corrected 
temperature value supplied from said temperature 
calculation means is used for measurement of the 
cardiac output effected by said cardiac output mea- 
40 surement means based on a thermodilution method 
and a thermal type flow measurement method. 

3. An apparatus for measuring cardiac output 
according to claim 1, further comprising switching 
means for selectively connecting said reference 

45 temperature sensing element and said thermome- 
try temperature sensing element to said tempera- 
ture measurement circuit means. 

4. An apparatus for measuring cardiac output 
according to claim 1 . further comprising: 

50 heating means used to heat up the periphery of 
said thermometry temperature sensing element to 
obtain heated temperature signal through said tem- 
perature measurement circuit means; 
comparison calculation means; 

55 memory means for storing Uie detected heated 
temperature signal: 

correction value calculati n means for obtaining a 
conrection value from the reference temp rature 



6 



11 



EP 0 378 234 A1 



signal and the heated temperature signal and for 
maintaining the obtained connection value; and 
temperature calculation means for calculating a 
corrected temperature value based on a heated 
temperature signal newly produced during mea- 6 
surement and the maintained correction value; 
wherein said comparison calculation means cal- 
culates a temperature based on the correction val- 
ue. 

5. An apparatus for measuring cardiac output io 
according to claim 4. wherein said means for heat- 
ing said thermometry temperature sensing element 
includes a probe having at least two temperature 
sensing element or a plurality of temperature sens- 
ing elements and power supply means. i5 
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TURN OFF POWER SUPPLY <^S2 
FOR HEATING OF BLOOD ^ 
VELOCITY THERMISTOR 



MEASURE REFERENCE 
TEMP. (Poo) WITH BLOOD 
TEMP. THERMISTOR 



J- 



S3 



MEASURE EXAMINED 
TEMP. (C01) WITH BLOOD 
VELOCITY THERMISTOR 
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TURN ON POWER SUPPLY 
FOR HEATING OF BLOOD 
VELOCITY THERMISTOR 



S5 



MEASURE EXAMINED 
TEMP. (P01) WITH BLOOD 
TEMP. THERMISTOR 
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SI 2 



i ^ 

MEASURE BLOOD 
TEMP. (PIO) WITH BLOOD 
TEMP. THERMISTOR 
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CALCULATE CORRECTED 
TEMP. OF THERMISTOR 
OF BLOOD TEMP. 
(P = Pio - Peal ) 
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MEASURE EQUILIBRIUM 
TEMP. (CIO) WITH BLOOD 
VELOCITY THERMISTOR 
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CALCULATE CORRECTED 

TEMP. OF BLOOD 
VELOCITY THERMESTOR 
(C = ClO - Ccal) 
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END 



CULCULATE CALIBRATION TEMP. OF BLOOD 
TEMP. THERMISTOR ( Pcal = POI - Poo ) 
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STORE CALIBRATION TEMP. VALUE OF 
BLOOD TEMP. THERMISTOR 
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